This study explored the feasibility of using Ving Tsun (VT) martial art as a fall-prevention exercise for male seniors. We compared the radial bone strength, hand-grip strength, and standing balance control of senior VT practitioners and nonpractitioners under various sensory environments. Sixteen male VT practitioners (mean age ± SD: 51.3±7.8 years) and 17 sex-and age-matched control adults (mean age ± SD: 53.7 ± 5.9 years) participated in the study. The bone strength of the distal radius, hand-grip strength, and standing balance control were assessed using an ultrasound bone sonometer, a Jamar dynamometer, and sensory organization test (SOT) on the NeuroCom Balance Master, respectively. A multivariate analysis of variance (MANOVA) was used to compare the outcome variables between the two groups. Results revealed that VT practitioners had significantly higher radial bone strength ( -score) on the dominant side ( = 0.015), hand-grip strength (dominant side, = 0.034; nondominant side, = 0.026), and standing balance control (SOT composite equilibrium score, = 0.005) than the control participants. Male elder VT practitioners had higher radial bone strength, hand-grip strength, and better standing balance control than nonpractitioners. Our findings shed light on the use of VT exercise to prevent falls and fall-related fractures of the distal radius in male elders.
Introduction
Falls among the elderly are common and a global cause of morbidity and mortality. It has been reported that there are over 400 potential risk factors for falling [1] . Among these risk factors, the physical deteriorations associated with advancing age such as decreased bone mass [2] , decreased muscular strength [3, 4] , and balance deficits [5] , along with physical inactivity [6] [7] [8] , have been found to be the major determinants of falls among seniors [1] . Improving bone and muscular strength and postural stability using exercises could reduce fall risks and fall-related injuries (e.g., the fracture of the distal radius) [9, 10] , improving the quality of life experienced by the elderly [8, 11] .
To date, ample studies have investigated the effects of fallprevention programs (e.g., Tai Chi) on improving physical impairments (e.g., decreased bone and muscular strength), functioning (e.g., body balance) and reducing falls or fall risk among elderly women [12] [13] [14] [15] . However, elderly men are an underexamined group that also suffers from falls and subsequent osteoporotic fractures. Studies have been called for to design treatment strategies specifically for elderly men [16] .
Ving Tsun (VT) is a traditional Chinese martial art characterized by rapid and forceful punching techniques and stable yet agile footwork. Owing to its simplicity and functionality as self-defense, VT is popular among male adults all over the world. The most well-known practitioners of VT were Bruce Lee and Ip Man [17] [18] [19] . VT practitioners are considered physically strong because they undergo highimpact training such as wooden dummy training (Figure 1 ), sticking-hand exercise (Figure 2 ), and sandbag workout with "one-inch punch" [18, 19] . We hypothesized that VT practitioners' forearm bone and muscle strength and body balance might be superior to those of nonpractitioners. However, to our knowledge, no study has investigated the beneficial effects of VT training in male seniors thus far.
The aims of this pilot study were to (1) compare the radial bone strength, hand-grip strength, and standing balance control between senior male VT practitioners and nonpractitioners under various sensory conditions and (2) examine whether there were any side-to-side differences in forearm bone and muscle strength among VT practitioners.
Materials and Methods

Participants.
Thirty-three male older adults participated in the study, 16 of whom were advanced VT practitioners. They were recruited from three local VT schools by convenience sampling, and each had over three years of VT experience, trained for two to eight hours per week, and had attained the instructor level. The other 17 participants were healthy seniors recruited from the community. The participant characteristics are described in Table 1 . None of the participants engaged in any regular physical training 
Bone Strength of Distal Radius.
The bone strength of the distal radius was assessed using the Sunlight Mini-Omni Ultrasound Bone Sonometer (Sunlight, BeamMed Ltd., Israel) because it is radiation free and the measurement is independent of body height and weight [20] . Ultrasound gel was applied to the skin surface at the measurement site to facilitate acoustic coupling. Placement of the handheld probe was at the distal third of the radius (i.e., midpoint between the olecranon process of the ulna and the tip of the distal phalanx of the third digit). The transducers within the probe were rotated around the radius slowly by the assessor without lifting the probe from the skin surface. The measurement was repeated at least three times. The velocity of the ultrasound wave ("speed of sound" or "SOS" in m/s) traveling through a few centimeters of radial bone parallel to its axis within the outer 2 mm to 6 mm was measured [21] . The SOS values were then converted into a -score using inbuilt computer software. The SOS -score represents the units of standard deviations relative to population reference values of healthy young adults of the same ethnicity. It reflects the bone's fragility and is highly correlated with bone strength [21, 22] . However, unlike the -score obtained by using dualenergy X-ray absorptiometry, SOS measurements cannot predict forearm bone mineral density [22] , and hence the standard World Health Organization's (WHO) definition of osteoporosis cannot be applied in this case. Instead, SOSscore thresholds for diagnosis of osteoporosis and osteopenia at the distal radius are suggested to be −2.6 and −1.4, respectively [23] . The average SOS -scores of the three trials (obtained from both dominant and nondominant arms) were used for analysis. The Sunlight ultrasound systems have been reported to be reliable (intraoperator precision at distal radius: 0.36%) and precise (in vivo precision: 0.4%-0.8%) in previous studies [23] [24] [25] .
Hand-Grip Strength.
All of the participants were assessed for maximal hand-grip strength using a Jamar dynamometer (Sammons Preston, Mississauga, ON, Canada). Standard assessment procedures were followed [26] . In brief, participants were in a standing position with the testing shoulder adducted and neutrally rotated, elbow flexed at 90 ∘ , forearm in midprone, and wrist in a neutral position. Before the actual tests, the participants were allowed to squeeze the dynamometer twice to familiarize themselves with the testing procedure. This was followed by a 10-second rest. Participants were then instructed to squeeze the dynamometer using maximal effort. A total of three trials were performed on each side, and the highest grip-strength value of each hand was recorded [26] . The interrater reliability (ICC: 0.98) and intrarater reliability (ICC: 0.94-0.98) of this hand-grip strength test were reported to be good to excellent [26] .
Postural Control.
Standing balance was assessed using the sensory organization test (SOT) performed on the NeuroCom Balance Master (Smart Equitest, NeuroCom International Inc., Clackamas, OR, USA). This machine quantifies the participants' ability to maintain standing balance under reduced or conflicting sensory conditions. The participants stood barefoot on the movable platform of the machine and wore a security harness to prevent falling. They were then instructed to maintain bipedal standing balance under six sensory conditions that provide inaccurate or absent somatosensory, visual, or vestibular information to the participant. Each condition consisted of three trials and each trial lasted for 20s. The six conditions included (1) (6) eyes open, sway-referenced visual surround and platform. All of the participants were given a familiarization trial before the actual test [27] .
The platform (dual-force plates) recorded the trajectory of the participant's center of pressure (COP) during postural sway. The NeuroCom computer program then generated an equilibrium score (ES) for each of the six sensory conditions based on the COP movements in standing. Moreover, a composite ES, which characterized the overall level of performance, was calculated from the weighted average of the ES of conditions 1 through 6. Higher ES (close to 100) represents little sway in standing, whereas lower ES (close to 0) represents excessive sway that may exceed the limit of stability [27, 28] . The ES of each sensory condition and the composite ES were used for analysis. A previous study showed that the ICC values of the six sensory conditions ranged from 0.72 to 0.93, indicating moderate-to-good testretest reliability of SOT in older adults [15] .
Statistical Analysis.
The normal distribution of outcome variables was first checked using the Kolmogorov-Smirnov test. Independent -tests were used to compare the age, body height, and weight between the VT and control groups. To compare the bone strength of the distal radius and the handgrip strength between the two groups, a single multivariate analysis of variance (MANOVA) incorporating all relevant outcomes (i.e., SOS -scores of bilateral radii and bilateral hand-grip strength values) was performed. Another separate MANOVA was conducted to compare the SOT-derived outcomes (i.e., equilibrium scores of conditions 1 to 6) between the two groups. Because the composite ES is the average of all of the equilibrium scores, an independent -test was used to identify whether there was any significant between-group difference for this outcome parameter. The results from the MANOVA showed the effects of the group on all outcomes simultaneously and the corresponding Bonferroni-adjusted values, hence avoiding the increased probability of type I errors. Effect sizes (i.e., partial eta-squared for MANOVA and Cohen's d for independent -test) are also reported for each outcome variable. By convention, Cohen's d values of 0.2, 0.5, and 0.8 are considered small, medium, and large effect sizes, respectively. For partial eta-squared values, 0.01, 0.06, and 0.14 represent small, medium, and large effect sizes, respectively [29] . Secondary data analysis was carried out to further examine whether there were any side-to-side differences in SOS -score and hand-grip strength values in the VT group. All of the previous statistical analyses were performed using the IBM Statistical Package for Social Sciences 20.0 software. A significance level of 0.05 was set for the statistical tests (two tailed).
Because the sample size was relatively small, it was necessary to determine whether our study was underpowered to detect significant differences between groups. Post hoc power analyses were performed to examine the statistical power of the comparisons of radial bone strength, hand-grip strength, and SOT-derived scores between the VT and control groups. The G Power computer program (Faul & Erdfelder, Bonn University, Germany) was used.
Results
There was no significant difference between the two groups in age, body height, or weight (Table 1) . Regarding the bone strength of the distal radius, the SOS -score obtained from the dominant side was significantly higher in the VT participants than in the control participants by 53.8% ( = 0.015). However, the SOS -score obtained from the nondominant side showed no significant difference between the two groups ( = 0.093) ( Table 2 ). Secondary analysis demonstrated that the SOS -score of the dominant side was significantly higher than that of the non-dominant side among the VT practitioners ( = 0.044) ( Table 2) .
The grip-strength values of both dominant and non-dominant hands were higher in the VT group by 13.5% ( = 0.034) and 11.2% ( = 0.026), respectively, than in the control group (Table 2) . Additionally, the dominant hand demonstrated significantly higher hand-grip strength than the non-dominant hand ( = 0.010) ( Table 2 ). For the SOT-derived scores, between-group differences were found in the ES of conditions 1 ( = 0.037) and 6 ( = 0.004) and the composite ES ( = 0.005). No significant difference was shown in the ES of SOT conditions 2 to 5. For the outcome variables that showed nonsignificant between-group differences, the partial eta-squared values ranged from 0.084 to 0.107, indicating medium-to-large effect sizes (except for the ES of SOT condition 2) ( Table 2) .
Post hoc power analysis showed that the statistical powers for the comparisons of radial bone strength (SOS -score) between the VT and control groups were 0.68 (dominant side) and 0.39 (non-dominant side). For the between-group comparisons of hand-grip strength, the statistical powers were 0.57 (dominant side) and 0.63 (non-dominant side). For the comparisons of SOT-derived ES between the two groups, statistical powers were low, ranging from 0.07 to 0.59 for SOT conditions 1 to 5, but high for SOT condition 6 (0.87) and for the composite ES (0.85). This may explain why the ES of SOT conditions 2 to 5 failed to show a significant between-group difference in the MANOVA analysis (Table 2 ).
Discussion
This is the first study to investigate bone strength in older VT practitioners. Our results show that the bone strength of the distal radius (dominant side) was significantly higher in the VT practitioners than among the control participants. This finding was anticipated because VT training, which includes wooden dummy training (Figure 1 ), stickinghand drills (Figure 2) , and sandbag workouts, involves many upper limb striking movements that load the bones in the forearms with repeated high peak forces and impacts [18] . According to Wolff 's law of bone remodeling, the internal structure of bone is adapted to mechanical demands such that the trabecular patterns (i.e., orientation of trabeculae) coincide with stress trajectories. That is, if loading on a bone increases, the bone will remodel to become stronger to resist that particular type of load [30] . Previous studies have reported that athletes who engage in high-impact sports such as karate display higher bone mineral density in specific regions than sedentary controls [31] . We postulated that longterm regular high-impact VT training might improve radial bone strength, therefore minimizing the risk of distal radius fractures in elderly males [32] .
Despite the positive finding on the dominant side, our results demonstrated no between-group difference in radial bone strength on the non-dominant side with a medium effect size of 0.088. Secondary analysis showed that radial bone strength on the non-dominant side was actually 66.7% lower than that of the dominant side. This may be because fewer striking movements are performed with the left arm during wooden dummy training [18] . In addition, VT practitioners might use their non-dominant arm less frequently than their dominant arm during dynamic sticking-hand exercise or even during daily activities [33] . Therefore, the mechanical stresses placed on the non-dominant radius were decreased, and the bone became weaker as a result [30] .
Another encouraging finding of this study is that VT practitioners demonstrated higher hand-grip strength, especially on the dominant side, than the control participants. This may be attributed to the repeated practice of punching (e.g., vertical fist or "one-inch punch") and grasping (e.g., grappling-hand) techniques during VT training [18, 19] . Extrinsic and intrinsic hand muscles might have been strengthened through these kinds of gripping exercises.
Our present finding actually concurs with a previous study that showed a significant improvement in hand-grip strength after Tai Chi training. The authors proposed that contraction and relaxation of forearm muscles might increase the muscle tone and hand-grip strength [34] . Previous studies have also suggested that grip strength is independently associated with radial bone mineral density [35, 36] . Perhaps higher handgrip strength and stronger forearm muscles contribute to the higher radial bone strength among the VT practitioners. Further study might fruitfully explore the relationships between grip strength, forearm bone mineral density, and bone mineral content among VT practitioners.
VT practitioners seem to have better standing balance control under various sensory conditions, as demonstrated by their higher ES (SOT conditions 1 and 6) and composite ES. Although there were no significant differences between groups in the ES of SOT conditions 3 to 5, the effect sizes were moderate to large (0.084-0.107), indicating that the insignificant results might simply be due to the decreased statistical power (0.37-0.50). We might be able to detect significant differences between the two groups if the sample size was increased to 752 participants per group. For the ES of SOT condition 2, the effect size was exceptionally small (0.005) together with a large value ( = 0.703). We postulated that VT practitioners may not be superior to their sedentary counterparts when standing with eyes closed. Indeed, training with eyes closed is not common during VT practice [19] . VT practitioners are conditioned to maintain postural stability under normal (i.e., SOT condition 1), reduced, and conflicting sensory environments (SOT conditions 3 to 6) instead.
One possible reason for the better standing balance (i.e., less postural sway) in VT practitioners under normal sensory environment (i.e., SOT condition 1) may be the tremendous time they spent in practicing static balance control. VT practitioners practice the basic "Siu Nim Tao" form in the static "goat-gripping" stance during every training session because it is the foundation of all VT techniques [19] . Practitioners are required to maintain postural stability (i.e., minimize postural sway) during different upper limb movements, and this may have trained the static and anticipatory postural control systems of the practitioners [19, 37] . If this is so, then why did VT practitioners sway less than the control participants when standing under sensory-depriving and conflicting environments? Perhaps VT practitioners develop better visual (reflected by the ES of SOT condition 4) and vestibular (reflected by the ES of SOT condition 5) senses for postural control [27, 28] through the dynamic sticking-hand exercise [19] . Further study is needed to explore the mechanisms through which VT practice could improve postural control under various sensory environments.
Our present findings shed light on the use of VT exercise to prevent fall and fall-related fractures of the distal radius in male elders. However, it is not definitive whether participating in VT lessons would increase one's exposure to risk of falling and fracture. The advanced VT practitioners in our study started VT training at a relatively young age (average 35.2 years old). Therefore, it is advisable to start VT training early, preferably before the deterioration of balance ability [5] and before the onset of osteopenia [2] . For people who are receiving VT training, our findings hint that they could exercise both upper limbs in a more symmetrical manner so that their bilateral radii, forearm, and hand muscles might be strengthened.
This study has several limitations. First, the small sample size may have compromised the statistical power. This could explain some of our insignificant findings. Second, it was a cross-sectional study. No causal relationship between practicing VT and the aforementioned beneficial effects could be established. Third, our participants were exclusively in their fifties. They were not frail elders with high fall or fracture risks. Further studies could consider using a randomized controlled study design that includes a larger sample of older males. Moreover, it may be necessary to modify the traditional VT training to suit the weaker participants.
Conclusions
Male elder VT practitioners had higher radial bone strength, hand-grip strength, and better standing balance control than nonpractitioners. Our findings may inspire the development of VT exercise as an evidence-based medium for preventing fall and fall-related fractures in male seniors.
